Introduction
Health surveys have been described as the 'life-blood' of epidemiology (Moon et al. 2000) . In the past 10 years, topics of increasing interest include methods for health information collection, and data use. This upsurge of interest may be associated with the increase in global health funding that accelerated demand for more and better health statistics (Boerma and Stansfield 2007) . To satisfy this demand, the World Health Organization (WHO) High Level Advisory Panel on Health Statistics called for countries to strengthen both data collection and analysis, and to increase collaboration with academic and research groups worldwide (Bchir et al. 2006) .
Lot Quality Assurance Sampling (LQAS) is a survey method that has become increasingly used in the past decade as it enables local health workers in resource poor settings to collect, analyse and use health data in their own areas to improve programmes. A recent review by the World Bank and WHO included more than 800 applications (Robertson and Valadez 2006) . It was judged as a reliable, easy to use and low-cost way of assessing coverage and key indicators (MEASURE Evaluation 1998; Robertson et al. 1997) . Based on techniques used in industry since the early 20th century (Dodge and Romig 1959) , it was adapted for use in health in 1985, and works by using a sample to classify a 'Supervision Area' (SA) as adequately or inadequately performing according to a predetermined standard (Valadez 1991) . LQAS is used in health as it was used in industry, as a management tool. Local health workers survey respondents to judge whether their programmes reach a predetermined target. However, questions remain about the possible introduction of bias through the use of local health staff to collect data, as they are responsible for service provision and said to have a vested interest in the survey outcomes. Since LQAS is a management tool local governance is essential. If local data collectors do introduce bias in LQAS surveys through the inflation of survey results, then the reliability of the health information generated could suffer and programme monitoring could be ineffective.
At the SA level, a source of bias could potentially affect whether a SA is classified as reaching a predetermined target or not. The most appropriate utilization of scarce resources requires good-quality health information so that priorities can be identified and health resources allocated accordingly (Horton et al. 2008) . If the performance of a SA is misclassified, health resources could be allocated sub-optimally and people's health placed at risk.
This research, conducted in Pallisa District, Uganda, investigates the inter-observer reliability of LQAS, to determine whether health staff inflate the results of data they collect in their own geographical area of responsibility for service provision. The study will establish if there is a difference in the results generated by local and non-local staff and will measure the overall reproducibility of the survey design.
Methodology
A test-retest design was used to compare the results of LQAS surveys conducted in four supervision areas, at two time points, by different data collectors, with the same respondents.
Study area
The area chosen for the study was Pallisa district in Eastern Uganda, a predominantly rural area with a population of 519 100 (Uganda Bureau of Statistics 2006). LQAS has been used previously in this area in its four SAs: Pallisa A, Pallisa B, Butebo A and Butebo B.
Study design
Twelve data collectors were selected from the four SAs: three from each SA. The data collectors were all health professionals working within the selected survey areas and responsible for service provision. All data collectors received 4 days of LQAS training (May 16-19, 2011) including instruction on accurate sample selection methods and interview technique. A questionnaire was used for data collection and included questions related to HIV and malaria knowledge, attitudes and practices. The questionnaire had been previously used in the district and was therefore rigorously pre-tested. The only change to the questionnaire was the removal of personal information not deemed necessary and the omission of 11 questions because they measured conditions that could conceivably change between the test and the retest surveys. Data collectors carried out the first survey in the area in which they work. Once all data collectors had completed the first survey, the data collection teams were changed over to a SA they were not familiar with, or responsible for, and carried out the survey again, interviewing the same respondents as had been interviewed by the previous team. As Pallisa District was soon to be divided, with Butebo A and B becoming a separate district, when carrying out the retest the teams were swapped: Pallisa A with Butebo A and Pallisa B with Butebo B. This design maximized the local data collector versus non-local data collector issue under study. The surveys were carried out on consecutive weeks so the time between each respondent being questioned was 1 week.
The data collectors were not informed of the purpose of the study so as not to bias the results. Rather they were told that the Ministry of Health wanted to measure how much time it took to collect questionnaire data when local health workers did the work, or health workers from other SAs did it. The data collectors found this noncontroversial and acceptable. Only after the survey was complete was the issue of bias discussed with them.
Study population
The survey respondents were mothers of infants aged 0-11 months. Women were excluded if the infant was 12 months or older, the mother was not the biological mother or if the mother did not give consent. No one refused to participate.
In each SA, 19 households were sampled. This sample size is widely used in Uganda for monitoring purposes and was recommended by Valadez (1991) to maintain alpha and beta errors 10% with the classifications thresholds used to classify SAs being 30% apart.
A random selection of respondents was made using a twostep process. First, 19 villages per SA were selected using probability proportional to size sampling as described elsewhere (Valadez et al. 2007) . Secondly, the household in the sampled village was randomly selected using segmentation sampling (Valadez et al. 2007) in which a village is divided into portions of approximately equal size, one portion is randomly selected, and the houses enumerated. Using simple random sampling, one house is then sampled from the selected portion. If there was more than one person in the final household who could be interviewed, one of them was selected randomly. If no one can be interviewed the interviewer proceeds to the next closest door to continue their search.
The criteria for data collectors were that they should be responsible for some element of health service provision in the SA where they were to survey in the first application but unconnected to the SA where they were to resurvey in the second application. Out of the 12 data collectors, 10 fulfilled these criteria. The two remaining data collectors, although based in, and responsible for health services in the SA where they collected data in the first application, also had some district wide responsibilities. Health staff often have a scope of responsibility that is geographically broad. Although it was challenging to find staff only assigned to one SA, all of the Pallisa data collectors identified Pallisa as their headquarters and all of the Butebo staff identified Butebo as their headquarters.
Data analysis
In total, 37 binary indicators were identified for analysis; 22 knowledge indicators and 15 practice indicators. The test plus retest produced two complete datasets consisting of 100% of the same respondents in the same SAs. Data were double entered into Epi Info version 3.5.3 to control for data entry errors. The cleaned data were analysed with SPSS version 18. Cohen's Kappa statistic () was used to analyse the two datasets for agreement. Any disagreement found between the two data sets was examined for bias (systematic error) or noise (random error). Landis and Koch (Landis and Koch 1977) provide a widely accepted interpretation of Kappa values (Table 1) . We categorized the Kappa results in this study by their level of agreement according to this interpretation.
Results
The Kappa statistic is less recommended for use when either the a or d cells in the cross tabulation are <5 due to the base rate problem (Uebersax 1987) . Of the 37 indicators, 10 indicators (eight knowledge and two practice) had this status and were removed from the analysis. This section reports on the remaining 27 indicators (14 knowledge, 13 practice). Table 2 shows that for knowledge indicators, ranges from 0.19 to 0.62 (mean 0.42). Table 3 displays Kappa values for all practices indicators: mean 0.69, range 0.44 to 0.97.
The final column of Tables 2 and 3 show all indicators categorized by the cut-offs suggested by Landis and Koch (1977) . These results show that while knowledge indicators fell mainly into the 'moderate' and 'fair' categories, the practices indicators fell mainly into the 'substantial' category, with remaining indicators split between 'almost perfect' and 'moderate'.
The number of additional positive answers on the retest may be used to explore bias. For example, a score of two indicates that on the retest, two more interviewees gave positive responses than during the test. Answering positively meant respondents exhibited the knowledge or practice that was acceptable or protective. A score of minus two indicates that two less positive answers were found on the retest than the test. A systematic inflation of results would mean consistently more positive answers on the test (where data collectors were in their home areas) than on the retest (when data collectors were not in their home areas). Among knowledge questions, on average 5.91 (SE ¼ 1.69, 95%CI ¼ 4.22 to 7.60) more positive answers were collected in the retest survey than the test survey; this increase in positive answers is therefore significant. However, it does not signal inflation of the results by the 'interested' data collectors. No knowledge indicator displayed fewer positive answers during the retest (see Figure 1 ) and all the values are on the positive side of the x-axis. This suggests that respondents were found to be more knowledgeable when surveyed on the retest by data collectors who were not in their home areas. By contrast, data for the practice indicators (Figure 1 ) showed values on either side of the x-axis ( x ¼ -0.53 less positive answers in the retest survey) (SE ¼ 1.55, 95% CI ¼ -2.08 to 1.02) revealing no significant directional difference. These results indicate a systematic error or bias for knowledge indicators, but not for practices indicators.
Discussion
The study detected that on average there was a moderate level of agreement ( ¼ 0.55) across all assessed indicators when comparing test and re-test survey responses. When disaggregated by type of variable, practice indicators revealed a higher level of agreement across surveys than did the knowledge indicators (
x kappa ¼ 0.69 and 0.42, respectively). These results indicate a substantial level of agreement among practice indicators and a moderate level among knowledge indicators.
These results are comparable with other test-retest studies. In a test-retest study of a self-administered back pain questionnaire (Walsh and Coggon 1991) , researchers found Kappa values between 0.43 and 0.76 on questions relating to signs and symptoms associated with back pain, although this rose to 0.82 when dealing with the presence or absence of back pain. Another test-retest study (Burney et al. 1989 ) of a respiratory symptoms questionnaire found Kappa values divided between moderate, substantial and almost perfect classifications in comparable proportions to the practices indicators as presented in this study. In research carried out by O'Neill et al (O'Neill et al. 1994 ), a similar design to this study was adopted, with different data collectors carrying out the test and retest questionnaire. The researchers categorized results according to questions relating to personal or medical history and lifestyle. The study concluded that personal or medical history questions were more reliable, with 38 out of 58 variables displaying almost perfect agreement. Lifestyle questions exhibited moderate agreement (O'Neill et al. 1994) .
Drawing comparisons between findings from this and other studies is problematic due to differences in subject matter and approach. However, in the above studies, the authors concluded that their survey methodologies were sufficiently reliable to gather epidemiological information. This initial study displayed agreement between the test and retest surveys; the results indicate that data collectors with a vested interest in the results, when compared with data collectors who have no vested interest in the results, provide reliable data.
We explored the test hypothesis further, that local data collectors inflate survey results. The results show that there is variation between the test and retest. While the variations in practices indicators were random, changes in the knowledge indicators were systematic, indicating bias. Respondents were more knowledgeable on the retest when questioned by data collectors unconnected with service provision. Therefore either: (1) local data collectors biased findings by making respondents appear less knowledgeable than they actually were (on the test), or (2) non-local data collectors biased findings making respondents more knowledgeable than they were (on the retest), or (3) the respondents became more knowledgeable between the surveys. None of the above interpretations support the hypothesis that staff involved in the collection and analysis of data within their own area of responsibility inflate their results and therefore we reject the test hypothesis. A possible explanation for the increase of knowledge is the 'practice effect' (Oppenheim 1992) , which is an effect that occurs when the observer or respondent improves their performance during the repeated application of the test. The results show no comparable bias among the practices indicators, which are less susceptible to the practice effect. Therefore the practice effect is a compelling explanation for the bias, suggesting that respondents improved in the interim between tests. The practice indicators show no sign of systematic bias and a substantial degree of reliability. This result suggests that local health workers are able to collect unbiased health information at the local level.
The most important limitation of the study was the selection of the data collectors. Despite repeated attempts, it proved impossible to completely fulfil the criteria of the study design. However, the fact that it proved so difficult to find data collectors who only held responsibilities in one SA may mean some of the underlying assumptions of the research, that LQAS data collectors are intrinsically linked to and invested in the precise SAs they survey, are inaccurate.
Another limitation of this study was that it included only one district and 12 data collectors. Ideally more districts with greater variation would be desirable to assess the generalizability of this result. Future research should investigate the reliability of indicator data in a wider array of settings. Finally, the study design assessed the potential for bias in a survey run for monitoring purposes. The design could not take into account the scenario of a survey used to evaluate the end line of a project, which potentially may give more incentive to inflate the results.
Conclusions
On the basis of the above results, we conclude that in this initial study, data collectors did not bias results by inflating the data they collected when surveying areas in which they were responsible for service delivery. The bias that was observed in the knowledge indicators is most likely due to the 'practice effect', whereby respondents gained knowledge as a result of answering the questions of the first survey. No corresponding effect was seen in the practices indicators. The Kappa results appear to be comparable with other test retest studies where none of the data collectors had a vested interest in the outcome of the survey. Hence, using data collectors with a vested interest in the results for the test and then one who had no vested interest in the results for the re-test gave a similar level of reliability to studies using two disinterested data collectors. This study therefore supports the notion that local health staff can be responsible for data collection within their area of responsibility, but given the small size of the study, further studies need to be done to further assess the generalizability of the result. These findings add to the knowledge base used to produce sound health statistics and provide evidence that monitoring may be reliably conducted by district-level staff.
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